I. Introduction
With technology rapidly advancing, people living within close range of mobile phone base stations have become increasingly concerned over the potential harmful effects of radio frequency radiation produced by these devices to their health (Kwan-Hoong, 2003) . Emerging evidence suggest there could be some very serious health implications, most notably an increased incidence of cancer for people working or residing in the vicinity of mobile phone base station transmitter masts. Several surveys have found a variety of self-reported symptoms for people who live close to base stations. Connor in 2005 stated that the United Kingdom has allowed the highest output of radiation in the world. She also emphasized that the United Kingdom recently adopted lower levels of radiation by accepting guidelines set by the International Commission on Non-Ionising Radiation Protection (ICNIRP). However, the ICNIRP standard does not offer any form of protection other than from the heating effects of microwave radiation. In other words ICNIRP only protects your body from properties of high levels of elevated temperatures. A very substantial body of peer reviewed scientific research clearly shows many biological changes have already occurred. In 2005, a group of German doctors in Bamberg, Oberfranken wrote an open letter to the German Prime ministry explaining the evaluated medical complaints of 356 people who have had long-term radiation exposure in their homes from pulsed high frequency magnetic fields (from mobile phone base stations, from cord-less telephones, amongst others).
Waldmann-Selsam and Saeger 2005 stated that people living close to a mobile phone base station suffer from one or several of the following symptoms like sleep disturbances, tiredness, disturbance in concentration, forgetfulness, problem with finding words, depressive mood, ear noises, sudden loss of hearing, hearing loss, giddiness, nose bleeds, visual disturbances, frequent infections, sinusitis, joint and limb pains, nerve and soft tissue pains, feeling of numbness, heart rhythm disturbances, increased blood pressure episodes, hormonal disturbances, night-time sweats, nausea. A 2002 survey study by Santini et al. in France found a variety of self-reported symptoms for people living within 300 meters of GSM cell towers in rural areas, or within 100 m of base stations in urban areas. It should be noted that the health related symptoms were most frequently reported at a distance of 50 to 100 m, which fits perfectly to the area with the highest microwave exposure in urban areas, where the main beam of the antennas usually hits the first houses. Fatigue, headache, sleep disruption and loss of memory were among the symptoms reported. Similar results have been obtained with GSM cell towers in Spain, Egypt, Poland and Austria. A second study carried out in Austria showed significant positive associations between the frequency selective measured electric field (GSM 900/1800) in the bedroom and cardiovascular symptoms (Santini et al, 2002) .
There are however, significant challenges in conducting studies of populations near base stations, especially in the assessment of individual exposure. In many countries, most notably the US, Australia and New Zealand, the governments have all taken this issue sufficiently seriously at both national and local levels. This has led to an adoption of precautionary principles and introduction of policies of prudent avoidance which have effectively banned the erection of these masts from school buildings and residential areas and in other densely populated locations. The effects upon human health by exposure to electromagnetic radiation, from a biochemical view point, would appear to show ill health is caused by the displacement of electrolytes/ions within the body and by interfering with the body's natural way of communicating (neurological system) and maintaining homeostasis -balance. This weakens the defense mechanism of the body as the body expends energy attempting to redress this imbalance. We cannot get away from these electromagnetic fields because we live within their field of influence, the body will be unable to correct this electrical and biochemical imbalance. And as the science of Biophysics has proven that we only become ill when the defense mechanism of the body is weakened, it follows that we will undoubtedly become ill as a direct result of living or working within these electromagnetic fields. Dr David Carpenter, Dean of the State of New York School of Public Health in 1995 having been convinced that EMFs pose a health hazard, concluded there is statistical association between magnetic fields and cancer that goes beyond the shadow of reasonable doubt -"I think there is clear evidence that exposure to EMFs increases the risk of cancer". This is most clear with leukaemia and brain tumours. However, in residential studies, statistical significance increased for all kinds of cancers. A whole body of evidence that reproductive cancers are increased by exposure is beginning to evolve. With such conviction and realization of the health implications, President Bill Clinton in the USA, issued a formal memorandum in 1995, stating that Transmitter Masts should not be sited on schools or near residential areas. Also a German study found a threefold higher frequency of cancer among people living in the vicinity 400 m of a GSM base station compared to people living further away from the antenna. The frequency increased also the longer people had been exposed to the radiation (Eger et al, 2004) .
Sometime in 2004, a Nigerian Professor by name Bola Osijo, Chairman of the Nigeria Nuclear Medical Council, warned that the erection of telecoms masts in residential areas was capable of causing cancer and other chronic diseases. She disclosed that about 50,000 Nigerians were being infected with cancer yearly before the advent of the telecommunications masts, and reiterated that the influx of the masts into the telecommunications industry and their erection in residential areas, had the propensity to increase cases of the cancer disease. She added a warning that should nothing be done to prevent indiscriminate citing of telecoms masts, more Nigerians will be afflicted with the scourge. She had stressed then that research carried out by her committee had come up with findings that masts emit radiation that are dangerous to human health and could easily result to cancer. She emphasized that the radiation from a source like the GSM masts affects human cells and in the long run result in cancer (Nkanga, 2007) . This study is aimed at investigating the potential risk of Base Transceiver Stations (BTS), otherwise known as communication masts on human health.
Objectives
The specific objectives of this study are to; a) Identify and take inventory of the spatial distribution and pattern of BTS in the study area. b) Analyze the health hazards associated with the existing location of BTS. c) Identify possible areas at risk to electromagnetic radiation from BTS. d) Map out areas vulnerable to the health hazards related to electromagnetic radiation from BTS. e) Suggest and make recommendation to avoid risky money making health hazard.
Limitations of the Study
The study is strictly demonstrating how the Nigerian Earth Observation Satellite (NigeraSat-2) can be used to identify residential areas, schools and even hospitals that are vulnerable to possible electromagnetic radiation and thermal heating from Base transceivers station (BTS) but not the medical aspect. And again, this study is not measuring and quantifying the amount of radiation from Base Transceivers Station (BTS).
Justification of the study
Health is wealth -a popular saying. People living close and around a communication mast are regarded as vulnerable to Electromagnetic Radiation (EMR). Such people are susceptible to various chronic health hazards emanating from the radiation. The effects of EMR are usually not limited to humans within the radiation emission area but also the different biodiversity and the environment as a whole. In recent times, the sale of spaces in residential and play grounds for the erection of BTS has become rampant in Nigeria generally. Telecommunication companies take advantage of the poverty level in the country by enticing resident owners with huge sum of money to give up part of their land for the erection of BTS in the compounds knowing the health implication. The health hazards from such erections raise serious concern as electromagnetic radio frequency signals emitted by these mobile phone towers (BTS) are linked to ill health and health deficiencies such as fatigue, headache, decreased concentration, dizziness, local irritation, tumour induction, sperm motility, morphology and viability, cancer, especially brain tumour and leukaemia, viral and infectious diseases among the people who live near the BTS.
The Nigerian Regulatory Agency responsible for the enforcement and regulation of such radiation standards, National Environmental Standards and Regulation Enforcement Agency (NESREA) appears not to be living up to its billing. Hence, there is need for this research so that we can protect our citizens from untimely deaths and build a sustainable future together with utmost consideration for the environment as well.
Study Area
Federal Capital Territory (FCT) is the home of Abuja, the capital of Nigeria. The territory was formed in 1976 from parts of former Nasarawa, Niger, and Kogi States and it is in the central region of Nigeria, bordered to the north by Kaduna State, to the east by Nassarawa State, to the south-west by Kogi State and to the west by Niger State. It lies between longitudes 6 0 20'E and 7 0 33'E of the Greenwich Meridian and with latitudes 8 0 30'N and 9 0 20'N of the equator. It occupies an area of about 8000km 2 . The FCT is located in the centre of the country in the guinea savannah of the middle belt. The geological formation of the FCT is basically basement complex formation and the soil structure of the area is thin with texture generally stony to gravelly sand with smaller occurrence of loam. Abuja in the FCT has two distinct seasons, namely the rainy season that begins around March and runs through October and the dry season which begins from October and ends in March. However, within these seasons is a brief harmattan season that is occasioned by the north east trade wind and the attendant dust haze, increased cold and dryness. Rainfall in the FCT reflects the territory's location on the windward side of the Jos Plateau while the monthly rainfall distribution intensifies during the months of July, August and September. The annual average rainfall of the FCT is 1221.2mm.
The largest indigenous group in Abuja are the Gbabyi (also known as the Gwari). The next largest indigenous group are the Koro. Smaller indigineous groups also inhabit the area, such as the Gade, Egbura, Gwandara, Bassa and the Gana gana. Being centrally located, Abuja is blessed with a mix of agricultural produce such as tubers and root crops of the south (yams, cassava, maize and plantains) and grain (sorghum, guinea corn and rice) of the north. The FCT has proven deposits of a wide range of mineral resources including marble, tin, mica, clay, wolfromite, tantalite and talc. to installation of mobile phone towers near schools, and that normally means within a radius of 500 meters. This objection is based on a policy of prudent avoidance". Since children spend more time at home than at school, it follows that this same prudent avoidance should apply to residential areas (Ash, 1995). Based on literatures and other studies carried out, it is evident that possible health risk of residence / schools close to a Base Transceivers Station (BTS) are blurred vision, cancers, lung diseases, heart problem, headaches, migraine, nauseas, tumors, lesions, childhood leukemia, sleep disorders, physical disabilities, dizziness, miscarriage and many more.
III. Methodology a. Data Acquisition and Data Sources:
The data used for this study were obtained from both primary and secondary sources. The primary sources involved the use of GPS receiver to obtain the coordinates of Base Transceivers Stations (BTS) in the study area and also personal interviews with station engineers of MTN and Etisalat, guards at the BTS locations and also some inhabitants around the identified BTS locations. The secondary data used is a high resolution satellite imagery of the NigeriaSat-2 with resolutions 2.5m and 5m panchromatic and multispectral respectively. The imagery was obtained from the National Space Research and Development Agency (NASRDA), Abuja in 2013.
b. Geo-database design and database creation
Geo-database design was done based on the features of interest identified on the satellite imagery used. The identified features of interest were highway, minor roads and settlements. The database creation for the Base Transceiver's stations simply comprises of the followings; BTS coordinates (Northings and Eastings), Service provider's name, Residence type around the BTS location and Address of the BTS location.
c. Field Work
The study area was divided into districts to ensure accuracy and also avoid duplicating efforts.
I. The use of a Global Positioning Systems (GPS) to obtain coordinates on all the location of the BTS in the study area. II.
Personal interviews with the some MTN, GLO and Etisalat engineers, BTS guards and some inhabitants living around Base Transceivers Station in the study area to obtain information on the Base Transceivers Station itself.
Laboratory analysis i.
Data processing (Georeferencing and on screen digitizing): Georeferencing of the satellite image was required so as to bring them to the same ground coordinates. The georeferencing of the satellite image was done using the ArcGIS software. The coordinate system of the datasets was projected to WGS 1984, Universal Transverse Mercator, Datum 100 Minna -Nigeria, Zone 32 0 N. The georeferencing was done with the selection of four X and Y coordinates tie points that are spatially distributed and points were added, and map was then rectified. GPS coordinates of BTS obtained during the field survey was plotted on the image. The creation of a personal geodatabase for each feature of interest was done in ArcCatalog extension of the ArcGIS 9.3. The digitizing process was done in the ArcMap environment for feature extraction. Digitizing is the process of converting geographical features from an analogue or raster map into vector format.
ii.
Geospatial Analysis: The basic spatial analysis employed during this work was done using ArcGIS 9.3. Buffering operation was done at specific distance 10m, 20m, 50m and 100m. This was created around the BTS in order to determine the proximity level to residential areas, schools, hospitals and many more. Proximity analysis was equally performed via query to know the closeness level of settlements to BTS.
IV. Results and Analysis
The table 2.0 shows the location and the service providers of identified BTS in Abuja Municipal Area Council (AMAC), FCT. This also has information like the address of the location of the Base Station, residential type and also elevation of the point in which the BTS is located.
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The figure 2.0 shows the spatial distribution of BTS in AMAC environs.
Existing Standards and Regulations on the siting of Base Transceiver Station in Nigeria
NCC guidelines of 2009 on the installation of telecommunications mast and towers state as follows;  Telecommunications tower above 25m in height would not be permitted with districts delineated as residential.

Where tower in excess of 25m in height are permitted, they should be placed at minimum setback of 5m distance to the nearest dismissed property, excluding the fence. (10) meters from the perimeter wall (fence) of residential/business premises, schools and hospitals to the base of the mast/tower; and  Where there is no perimeter wall (fence), a BTS must be at a minimum of twelve (12) meters from the wall of residential/business premises schools and hospitals to the base of the mast/tower.  Telecommunications towers above 25 meters in height would not be permitted within districts delineated as residential. With these research carried out by various scientist from various countries, it has shown that the NCC, ICNIRP, WHO among others claims that radio waves from BTS have no health implications on human has to be looked into because people cannot continue to cope with what is detrimental to their health all in the name of technology and a wider coverage or reception. And again the NCC guideline and NESREA regulations did not take into account the Specific Absorption Rate (SAR) living organism beside BTS can attain before it is called detrimental to the body. No safe limit standards were put in place to actually check the radiation level in the living organism around BTS locations.
Geospatial and Statistical Analysis
The buffering of 10m, 20m, 50m and 100m was done around the Base Transceivers Stations (BTS) to be able to run a proximity analysis to BTS in the environs. From the statistical analysis, 93.3% of the Base Transceivers Stations (BTS) available in the Utako district falls within the high residential area while 6.67% of the BTS falls within the low residential area of the Utako district. This shows many of the inhabitants living close to a BTS in Utako district are vulnerable to high risk of electromagnetic radiation from a BTS. 
V. Discussion
Based on the available guidelines, in Nigeria by NCC & NESREA, this simply states that no communication mast should exceed 25m height and at distances of 5m (NCC), 10m (NESREA) from a fence and 12m (NESREA) in areas with no fence. This has clearly shown that the residence that within distances 10m to 20m are vulnerable to electromagnetic radiation emitting from the Base transceivers stations BTS in the entire district going by the NESREA regulations. But in a broader view whereby some researchers went as far as a distance of 400m radius is a safe for siting BTS to homes, schools and hospitals, we have decided to at least create a radius of maximum 100m radius from a BTS to homes, schools and hospitals. The figure 8.0 is simply a map showing settlement at risk with respect to radiation from BTS using the NESREA standards of 10m. It has been deduced from the geospatial analysis that most service providers violate the standards issues by NESREA which makes the inhabitants around BTS at high health risk. This is still not enough according to researches carried out in developed countries and various types of complain of carcinogenic diseases, issues of miscarriages, necessary and many more as mentioned above was researched into. The buffer zones created around the identified BTS at 10m, 20m, 50m, and 100m is way below the distances of BTS to residential area causing health hazard in developed countries according to some researches. This study has simply shown that at the created buffer zones to check the proximity of residential areas, school and hospitals, which simply means that at 10m, which is the identified standard by NESREA, this BTS location still violets the max distance. Again viewing it from the ravened research point of view, 100m distance is even at risk to residential areas, schools, and hospitals. It was concluded that by statistics that  35.48% of BTS falls within highly residential areas in the Garki district.  86.21% of BTS falls within highly residential areas in the Wuse district.  93.30% of BTS falls within highly residential areas in the Utako/ Jabi district.
VI. Conclusion
In this study, geospatial techniques and statistics were integrated for mapping and analysis of Base Transceiver station (BTS) and also its risk to settlements around it. It was observed that out of the 126 BTS stations sampled in the AMAC phase 1, 119 BTS sampled in the study failed the 10m and 12m buffer zone tests and only 7 BTS met the NESREA standards of 10m and 12 m distance to residential areas, schools and hospitals. It was clear that the 7 BTS that met the NESREA standards were located on Durumi hills, Accra Park in Wuse, Zone 5 and on Ibrahim Babangida way, Booloyard, Maitama. All these BTS belong to MTN, Visafone, Etisalat, Multi-link, Globacom, and Airtel.
VII. Recommendation
There should be proper awareness on the possible health risk on people living close to a Base Transceivers Station (BTS). The regulatory agencies should keep checks on service providers that violate the 10m and 12 m of siting BTS away from residential areas as stated in the NESREA regulations for telecommunication and broadcasting standards.
The regulatory agencies should also invest in R&D in order to confirm all others studies and complains about electromagnetic radiation and thermal heat causing health problems so that a more reasonable buffer zone for BTS siting will be issued as a regulation to service providers.
